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This paper has arisen from a reflection of the current reality in terms of the postulations about what is known as
the Malthusian economy. Since the Industrial Revolution to the present day, despite there having been a high
increase in world population, technology has played a fundamental role in the increase in the level of wealth per
capita. However, the continued growth of the population and the future forecasts indicate that technology with
have the responsibility of continually being the key piece of economic growth. This paper seeks to analyse the
future scenarios in order to better understand the conditioning factors of the sustainability of our population
growth. If technology were not able to maintain production growth rates higher than the population growth rates,
we would return to the scenario described by Malthus.1. Introduction tween the most developed world and the rest of the world is gener-In the classroom, it is common to explain that Malthusian theory was
no longer applicable after the Industrial Revolution due to technological
progress (Malthus, 1823b). Nowadays, there are those who consider that
everything is underpinned by a series of limited resources, therefore,
limitless growth is not possible in a world with limited resources. If
technology were not able to maintain production growth rates higher
than the population growth rates, we would return to the scenario
described by Malthus, which would give rise to three possibilities or a
combination of them:
- A situation may arise whereby, although the population growth is
higher than production growth on a global scale, a polarisation be-tano), marcos.garcialopez@ua.es
bal GDP per capita does not impl
lculated by dividing the GDP by
al level we have continuous growt
February 2020; Accepted 14 Mar
is an open access article under tated. It may also be the case that, although the global GDP per capita
diminishes,1 the GDP per capita of the developed world increases,
which would also increase global inequality.
- The second possibility would be a catastrophe which would radically
reduce the world population, what has happened on many occasions
throughout history and is, in fact, what Malthus maintained in his
theory. This catastrophe could take the form of a natural disaster, a
war, an epidemic or the consequence of an exhaustion or an unpre-
dicted extreme scarcity of an essential resource.
- The third possibility would be where, faced with a scenario which we
have described in which wealth grows at a slower rate than the
population, a birth control policy is implemented in those areas of the
planet where demographic growth is concentrated.2(M. García-Lopez).
y a reduction in GDP, rather, the rate of population growth is higher than that of
the population.
h, there are regions of the planet that no longer experience demographic growth
ch 2020
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
3 The first of Malthus’ publications dates back to 1798 and, according to the
author himself, was based on a hand-written text by M. Godwin and also on
authors such as Adam Smith (Malthus, 1800).
4 This affirmation leads us to a situation in which the scarcity of resources is
inevitable unless demographic growth which, according to Malthusian theory,
would occur not voluntarily but as a result of an increase in mortality due to the
scarcity of resources which would give rise to war, famine.
5 It is worth pointing out that we are quoting the translation into Spanish
which is why the year of publication is different.
6 Demographic data.
7 Trade data.
8 It is important to note that we have obtained world GDP per capita by
dividing total GDP by the number of inhabitants on the planet. However, it must
be noted that there is great inequality in the world. Therefore, it should not be
assumed that on average people have the calculated GDP per capita, rather, the
large majority have much less wealth than a minority which has many more
resources.
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based on the idea that technology is not able to palliate the effects of
population growth. This paper forms part of a line of research that seeks
to study the effects of population growth and the changes in consumption
patterns on the sustainability of the planet. These aspects are relevant in
order to reach sustainability, what justifies our final objective of analyse
the real cause of the problems related with the evolution of the popula-
tion and consumer patterns and in future studies we will analyse the
consequences of this for:
- Energy costs and the tensions in this market.
- The food market, the quality of food, the consumption of resources
necessary for their production.
- The availability of water and the costs of generating it.
Furthermore, there are certain correlations between the above-
described elements that give cause for concern. If, for example, we
analyse the link between water and energy, we can see that a higher
consumption of water increases the amount of energy needed to obtain it,
desalination is the most evident proof of this. Therefore, the problem
with this technology is that it increases the energy and economic cost of
obtaining water in comparison of other alternatives, reason why desali-
nated water is a solid alternative to generate an increase in available
water resources only when all other sources have been exhausted.
Recent work still shows the existence of the income-GDP link
(Brueckner and Schwandt, 2015), so this research is of great importance
in order to carry out an analysis of the demographic evolution and its
consequences on the pressure on resources and sustainability. However,
as an economy evolves, the determinants of its demographic evolution
become more diverse and complex. Specifically, these determinants can
be grouped into demographic factors, socioeconomic conditions, natural
amenities, accessibility to transport and development land use (Alvar-
ez-Diaz et al., 2018). Among the above factors, technological progress is
one of the most related to sustainability to the extent that it improves
efficiency and, therefore, saves scarce resources, however, it is also
complexly related to population growth. This relationship has a double
meaning, firstly, greater technological progress is related to an increase
in the population, but, secondly, a larger population leads to a reduction
in productivity in the field of research (Coccia, 2014). Finally, it should
be noted that territorial factors are an important determinant of popu-
lation evolution. In Spain, the heterogeneity of the different regions that
form it has significantly conditioned the distribution of the population
(Gutierrez-Posada et al., 2017). This is of great relevance for the analyses,
as it justifies that the measures aimed at achieving sustainability must be
a combination of large-scale and regional-scale measures.
The question that this study wishes to answer is what factors will
determine the evolution of the world population in the future. For which
we will analyse the behaviour of the population throughout history. Our
initial hypothesis is that there are two types of dynamics, that of the
countries before their demographic transition and that of countries
which have already experienced this transition. The countries which
have not experienced their demographic transition have high income-
demographic growth elasticity and they are less developed nations. On
the other hand, in developed countries the determinants of demographic
evolution have changed and the income-demographic growth elasticity is
low.
Contrasting this hypothesis is necessary to estimate the demographic
growth in the next years since we need to determine where in the de-
mographic transition they are located to carry out the future research.
This allows us to predict the future demographic growth, which will not
be infinite, although it will generate pressure on the resources which
could be compensated with technical and technological progress, which
increases efficiency. The problem of this is our dependency on the
technical progress to palliate the collateral effects of the increase in the
population. For that reason, this article is the basis of an essential2
investigation that will provide valuable information to take measures
towards sustainability.
2. Malthusian theory
In the first chapter of the first book on the obstacles faced by popu-
lation growth, Malthus3 explained that, when presented with the possi-
bility of seeing our children without the necessary resources to be raised
adequately, human beings may take the decision to limit the size of our
families4 (Malthus, 1823b, 1830). But we may also be carried away by
our instinct and decide to have more children and try to bring them up
(Malthus, 1846). One of the most well-known phrases of Malthus says
that the population grows by geometric progression while food grows by
arithmetic progression. It is interesting to see the geographical location of
demographic growth in recent years. Graph 1 shows the distribution of
the population throughout the world in 1975 and graph 2 in 2025.
These graphs enable us to affirm that there is not a homogeneous
distribution of either humans on the planet or the growth rate. In his
initial work (Malthus, 1846) 5 Malthus said that the population doubles
every twenty-five years when there are no obstacles to its growth. In this
way, there is a geometric growth between periods. However, today we
know that this affirmation that quantifies the growth of the population
was coherent at the time when it was written but it became untenable in
the past after it was written and for the future. The total population in
2017 was 7,722,727,000 people. In 1990, that is, twenty-seven years
earlier, there was a world population of 5,263,593,000. The population
growth in the period 1950–2000 was approximately 141% (a cumulative
annual rate of 1.78%), while in the period between 1900 and 1950 it
grew by 53% (cumulative annual rate of 0.85%). This means that Mal-
thus’ predicted growth rate whereby the population would double every
twenty-five years has not been fulfilled. However, the data also indicates
that demographic growth is being very aggressive (information obtained
from the databases: Census Bureau, International Data Base6 and USA
Trade Online7). Malthus also predicted that resources would increase in
arithmetic progression. However, in recent years, technology has enabled
the GDP per capita to grow continuously even though the population has
also grown. Therefore, in practice, Malthus’ theory loses its validity
during the period between the industrial revolution and the present day.
In Graph 3, based on the database of Angus Maddison, we have calcu-
lated the total world population and the GDP per capita and we can see
that despite the continued increase in the population level there has also
been a continued increase in the level of wealth per person.8
In order to demonstrate that the population has the capacity to double
every 25 years, Malthus referred to the population growth in the United
States during the eighteenth century, where, thanks to early marriages
and an abundance of food resources, there were no restrictions to the
natural force of expansion of the population (Malthus, 1798, 1803). This
interests us to the extent that we wish to know about the original theory
Graph 1. World population in 1975
Source: UN (2012).
Graph 2. shows the estimated distribution of the population in 2025.
Source: UN (2012).
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Graph 3. evolution of the population9 and the GDP per capita10
Source: Own elaboration based on the data of Angus Maddison.
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world as we have shown that the population does not double every 25
years as a general rule. But this is something that is more related to
whether there has been a demographic transition or not.11
One aspect that should be highlighted is that after wars or epidemics
with very high death rates in a specific region, the population that sur-
vives has a relative abundance of food resources. If we observe Graph 3
again, we can see that after the First World War and particularly after the
Second World War, the global population grew at a higher rate than
before. The growth capacity of the surviving population in favourable
conditions meant that the original population was recovered in a short
period of time.12
On the other hand, there are what Malthus calls obstacles and checks
to population growth (Malthus, 1846). Malthus distinguishes between
privative and destructive obstacles. As we have seen, privative checks are
voluntary. One type of privative check is the moral restriction such as
abstaining from marriage, chastity or, as in more recent times, the
postponement of marriage until sufficient resources have been accumu-
lated.13 According to Malthus, the second type of privative checks are
vices such as licentiousness, unnatural practices, the violation of the
marital bed, criminal and irregular unions (Malthus, 1846). An9 Expressed in thousands of inhabitants.
10 Expressed in constant prices in 2011 dollars.
11 Countries that still have a low level of development may go through a phase
with demographic growth rates similar to those described by Malthus, but today
we know that this is more characteristic of a specific moment experienced by a
country and not a general norm.
12 It should be noted that as well as the afore-mentioned demographic tran-
sition, it may have be the case that after a period such as the two world wars, the
rhythm of demographic growth accelerates.
13 Today, in many European countries, some of these privative checks form
part of our moral and culture.
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adaptation to the current ideology would be that all decisions taken so as
to avoid having children are privative checks.
On the other hand are the destructive obstacles which, as previously
mentioned, are not voluntary. First, there is destitution such as poorly
paid or dangerous occupations, poverty, poor nutrition and/or hunger,
unhealthiness, diseases. The other type of destructive checks are mis-
fortunes such as wars, natural disasters or political conflicts.
In short, the fundamental proposition of the content of Malthus’ book
is based on three premises. First, the means of subsistence limit the
population. Second, an increase of these means of subsistence leads to an
increase in the population and finally, as a consequence of the first two
premises, population growth cannot be checked unless a situation of
destitution arises.
Malthus has been a highly influential author in economic thought
[see (Malthus, 1815a, 1815b, 1820, 1823a)]) which is why this study,
seeking to analyse the consequences of population growth, should be
based on the foundations laid by him. Malthus was highly influential in
economic, political, social and scientific thought. The author Harriet
Martineau presented concepts and explanations about production, dis-
tribution, the consumption of wealth and behaviour; we can observe that
her work is highly influenced by Malthus’ studies (Martineau, 1832). The
work of the evolutionary biologists Charles Darwin and Alfred Russel
Wallace was influenced by Malthus with respect to the idea of natural
selection and the theory of evolution. Darwin realised that the Malthu-
sian catastrophe applied to what Candolle called “Nature’s war” between
plants and animals, which caused the size of a population to remain
stable (Candolle, 1813). Similarly to Malthus’ theory in the case of
humans, animals always reproduced in larger quantities than the avail-
able resources. In his autobiography, Alfred Russel Wallace wrote that
the idea of natural selection occurred to him when he was in bed with a
fever and he thought about the positive checks described by Malthus and
their effect on human population growth. Wallace claimed that these
same causes were continually acting in the case of animals and given that
Graph 4. Evolution of the population over the last few centuries.20
Source: UN (2012).
17 It was previously known as Optimum Population Trust and its head office is
in the United Kingdom.
18 This does not mean that in the case where the population ceases to growth
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checks caused each year had to be enormous to limit the number of each
species. In 1864, Wallace published the article “The Origin of Human
Races and the Antiquity of Man Deduced from the Theory of “Natural
Selection”. In this article and others of Wallace’s studies we can see the
direct influence of Malthus’ ideas. Keynes claimed that a geometric
proportion can counterbalance another and in this way, in the nineteenth
century, the problem of population growth was laid to rest because the
growth in wealth compensated it, however, in some way, the problems
could reappear because the pressures on certain resources had returned
(Keynes, 1920). It is worth mentioning the book “The population
bomb14” by Paul R. Ehrlich. It constituted a reference text for the ecology
movement in the 1960s and has provided arguments in favour of research
in contraceptive methods. Ehrlich observed that in the 1930s, the global
population had doubled in just one generation, growing from two to four
billion people and that resources, including food, have certain limits
(Ehrlich, 1968). The critics of Ehrlich’s work argued that the study is a
mere repetition of Malthus’ study but that, at least Malthus had not made
a firm prediction of a imminent catastrophe while Ehrlich warned of a
large-scale disaster in the two subsequent decades.
Malthusian theory has not expired and still makes sense due to
technical progress, as resources such as energy are subject to the
enormous pressure derived from the need to show growth rates in the
production of the resource that exceed those of its demand, which
leads to the elaboration of new measures in search of saving energy
(IDAE Instituto para la Diversificacion y Ahorro de la Energía, 2010;
IDAE, 2011). This same need applies to food and water resources.
The Club of Rome commissioned the MIT to write the report “The
limits of growth15”which was published in 1972 before the first oil crisis
(Meadows, 1972). A team of seventeen professionals worked on this
report with the biophysicist Donella Meadows being the principal
researcher. The conclusion of the report of 1972 deserves a special
mention as it warns that if the growth of the global population, pollution,
food production and the exploitation of natural resources is maintained,
the world will reach its growth limits over the next one hundred years. In
order to make this measurement, the authors conducted computer sim-
ulations using the programWorld3.16 The conclusion is that on the planet
on which we live with limited resources, the dynamics of exponential14 Population bomb.
15 The Limits to Growth.
16 The many simulations conducted using the computer program World3
indicate an overshooting in the use of natural resources, which will lead to their
exhaustion, and the subsequent collapse of agricultural and industrial produc-
tion. The final consequence is the sharp decrease in human population.
5
growth of the population and GDP per capita are not sustainable
(Meadows, 1972). It should be noted that in 2004 the book “Limits to
growth: the 30 year update”, was published. This book updated some
data and concludes that “there cannot be unlimited population, economic
and industrial growth on a planet with limited resources” (Meadows,
2004). Sharing the same line of thought is the not-for-profit organisation
Population Matters17 which promotes the reflection of the consequences
of population growth on the environment. In its publications, Population
Matters considers that the optimal world population would be between
2.7 and 5.1 billion inhabitants. This figure has already been substantially
exceeded as in October 2011 there were 7 billion inhabitants and the
population is growing continually.
AlthoughMalthus’ study constitutes a reference text ofmany studies on
the sustainability of population growth, there are others that disagreewith
this point of view. Authors such as Marx indicate that scientific and tech-
nological progress will make the exponential growth of resources possible.
TheMarxist point of view is that in a human society there is no external law
about population and that the existence of a relative overpopulation in a
capitalist society is a consequence of the accumulation of capital.
3. Population growth
All of the problems that we are analysing are caused by population
growth. The real problem would be that the world is heading towards a
scenario of continuing population growth which would force us to return
to the Malthusian arguments of unsustainability.18 If we extrapolate the
growth rate shown in Graph 3, it is easy to create a scenario of a cata-
strophic future. However, although extrapolation is a simple exercise, it
can also be the wrong method. According to UN data (UNdata, 2012),
there are currently twenty births and eight deaths per year for every
thousand people.19 Therefore, the population grew at 12 people per 1000
per year in the five-year period to 2015. A fundamental statistic in order
to make predictions is the specific death rate per age. This tells us for eachsustainability is guaranteed, as the real problem is the consumption of resources
and this can increase even thought population growth is stagnant.
19 If we were talking about a country, as well as births and deaths we should
also take migratory flows into account. However on a global level migratory
flows are cancelled out.
20 It is worth mentioning that before the Industrial Revolution, population
growth was moderate and unstable. Therefore we can observe few changes if we
begin the graph before 1700, specifically we would observe instability and
stagnation in the population prior to this period.
Table 1
Evolution of the fertility rate in the world.














Source: own elaboration based on UNdata (2012)
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Graph 4 we can see the evolution of the population over the last three
centuries.
When analysing Graph 4, caution should be taken to note that it does
not show us the total population amount but its growth. That is, at no
time can we draw the conclusion that the population is decreasing
because in this case the curve would have to be located in the negative
values of the axis.21 What we can appreciate is that, if we leave Africa out,
there has been a slowdown in the pace of growth. If this trend continues,
the population could stabilise which would put an end to several of the
potential problems that we are analysing. It is important to highlight that
the replacement rate in rich countries is close to 2.1 while in areas where
there is a high infant mortality, more than 3 children per woman would
be necessary to stabilise the population. In global terms, the generational
replacement rate is currently 2.33 children per woman. This rate has
decreased substantially in recent years as shown in Table 1.
However, as we know that this fertility rate is heterogeneous in the
world, in Graph 5 we can see the distribution of the fertility rate
throughout the world. From the graph above we can deduce an inverse
relationship between the level of economic development and the fertility
rate.22 In Graph 6 we have placed the HDI on the horizontal axis and the
fertility rate on the vertical axis and as a result have obtained that those
countries with a higher level of well-being according to the HDI have a
higher fertility rate.
With these same data different progressions and prospective esti-
mates have been carried out, including that of Ansgar Seyfferth24 who
indicated the possibility that the global population would peak this
century and then begin to decrease. In other words, we are faced with a
dilemma with respect to future perspectives. If we consider what has
happened until now and extrapolate, we have a scenario with a large
population. If we analyse the recent evolution over the last few years, we
can see that population growth has slowed down25 and that, if this trend
extends to other countries, we could find ourselves at the upper limit in
terms of population levels.21 It is therefore a graph that expresses the variation and not the total volume
of the population.
22 In the graph, the situation of France is striking given that it is one of the
countries that, having a high level of economic development, also has a high
fertility rate. The case of France will be addressed later in the paper.
24 Director in Spain and Portugal of STAT-UP Statistical Consulting & Data
Science.
25 The slowdown in global terms is due to the drastic slowdown that has been
experienced in those countries that have already gone through the demographic
transition (with some exceptions such as France).
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4. Growth in production
Although we have analysed the predictions for the future evolution of
population in the previous point, it is much more complex to make future
GDP forecasts. The evolution of the population depends on factors such
as the present population or the current age pyramid. However, pre-
dicting the GDP of 2050 would be an imaginative task lacking in preci-
sion, although we do have forecasts for years such as 2030. In Table 2 we
can see the predictions of the evolution of GDP and the population for the
coming years.
As we have seen in this article, despite the constant population
growth, the GDP per capita is continually growing and it is expected to
continue to do so. However, the threat is not so much the fact that the
GDP per capita is continually growing, rather the cost that this growth
has in terms of the environment. The key lies in productivity and the
technological level, given that, if this is not improved, the only way of
producing more is with more work, more effort in terms of capital or
making a greater use of other resources. The problem of growing without
productivity increases or technological improvements is that a use would
be made of factors that harm the planet and are maybe limited.
In macroeconomic terms, we can define the function of production as
a function that depends on the level of technology and productivity (A),
the level of capital (K), the level of labour (L) and other factors. On the
other hand, α indicates how productive the capital is in an economy
while (1- α) indicates how productive labour is. Therefore, the function of
production of a country i would be:
Y ¼Ai *Ri *Kαii *Lð1αiÞi
Where α is a parameter that takes values between (0,1) for each country.
If, in a country i an increase in productionΔY occurs, this is due to the
overall variation of each of the factors of this country, that is,ΔY¼ F(ΔRi,
ΔAi, ΔKi, ΔLi). In the long term, the only factor that breaks the so called
Malthusian trap is A. Only productivity, knowledge, ideas or technology
are able to generate continued increases in wealth in a world with limited
resources. However, a growth in wealth based on R,26 K or L gives rise to
greater pressure on the planet given that to achieve this, a greater use of
resources such as water, energy and food is required.
The problem of a continued growth in wealth is that in order to avoid
generating pressure on the limited resources of the planet it should be
largely based on a growth of A. When a country grows without a growth
in A, the increase in its wealth has a cost for the planet and generates a
huge tension on limited resources such as water, energy and food as a
large number of reports, books, articles and others show (Abadía
Sanchez, 2011; Aldaya and Llamas, 2012; Allan et al., 2015; Caballer and
Guadalajada, 1998; Cabrera et al., 2009; Comunidad de Madrid, 2012;
Ederra andMurugarren, 2010; Hoffman, 2004; Hardy et al., 2012). These
analysis are related with the consumption of resources, highlighting as-
pects such as saving water in agriculture, essential to produce food, or in
energy production and energy saving within the water sector, which is a
great consumer of energy, that is, the inefficient or excessive consump-
tion of resources, or even just one resource, leads to scarcity and pressure
on the planet. One way of obtaining a superficial estimate of the inci-
dence of technology and productivity is to analyse the evolution of CO2
emissions. Technological improvement could give rise to an increase in
GDP with a reduction in emissions.27 Graph 7 shows the evolution of the
CO2 emissions on a global level.
We can observe a more or less continued rate of increase in which we26 R is the “other resources” factor, covering everything that is not technology,
labour or capital.
27 It is worth pointing out that the CO2 emissions are only one indicator of the
pressure that economic growth and the population generate on the planet, but
there are many others such as the loss of biodiversity, the accumulation of
waste, the exhaustion of non-renewable resources.
Table 2












2006 2030 2006 2030
Western
Europe
6 5 18 13 1.9 1.9
USA 5 4 20 17 3.2 1.9
Other western
countries
1 1 3 2 3 2
The West 12 10 40 33 2.6 2.2
China 20 18 17 24 7.6 6.4
India 17 17 6 10 10 6.8
Japan 2 1 6 4 0.9 1.4
Other Asian
countries
20 22 14 15 5.2 2.8




6 5 6 5 2.3 2.4
Africa 14 18 3 3 3.5 0.7
Rest 88 90 67 67 5.2 3.2
World 100 100 100 100 4.2 2.5
Source: Own elaboration based on the databases of Angus Maddison
Graph 6. Relationship between HDI23 and fertility.
Source: Human Development Report 2009 (United Nations Develop-
ment Program).
Graph 5. Global female fertility rate in 2016.
Source: CIA World Factbook (2016).
29 In this sense, in regions such as Europe, there is concern about the envi-
ronmental effects of economic development which is reflected in more efficient
vehicles, water purifying and reuse systems, efficiency in energy uses. However,
caring for the environment is costly and is perceived as a luxury for countries
with a lower level of development.
30 It should be noted that the CO2 emissions are a global problem but there is
no clear global action to address this phenomenon. In the same way as the
emissions this is the case with many adverse environmental effects, the planet
does not have a coordinated global action to address them. Even so, certain
B. Montano, M. García-Lopez Environmental and Sustainability Indicators 6 (2020) 100032can find small and transitory reductions in emissions in the two oil crises
(1973 and 1979) and the recent economic crisis of 2008. However, it is
interesting to note that, although the global pace of CO2 emissions per
capita is increasing, this rhythm is not homogeneous across the world,
given that those countries experiencing recent development, such as
China and India (Graph 8) are those that are strongly increasing their
emissions per capita. However, developed countries such as Spain or the
USA have reduced their emissions per inhabitant (Graphs 9 and 10).
The large difference between advanced economies and others whose
industrial growth is still at a very high level is that a sustainable devel-
opment that respects the environment is, in the former a fundamental23 The HDI is an indicator that takes into account the level of economic
development, life expectancy at birth and the level of education.
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issue or, in the latter, an unnecessary luxury.29 If the emissions per capita
are increasing in the world30 it is because there is a group of economies in
which the priority is not to grow with a minimum consumption of theregions, such as Europe, occasionally take measures whose effectiveness would
require them to be extended to a global level (or at least their greater effec-
tiveness as, evidently, although only certain regions apply the changes, it is
better than no region applying them at all).
Graph 7. World CO2 emissions.
Source: Own elaboration based on the World Bank data.28.
Graph 8. CO2 emissions per inhabitant in China.
Source: Own elaboration based on the World Bank data.
B. Montano, M. García-Lopez Environmental and Sustainability Indicators 6 (2020) 100032limited resources but to simply grow as much as possible. It is worth
highlighting that the analysis that we have conducted on CO2 emissions
is a mere example, given that we could have measured other indicators of
the extent to which growth is accompanied with productivity enhance-
ment, for example, daily energy consumption per inhabitant. Although it
is true that a developed economy will have an average energy con-
sumption per inhabitant much higher than a backward economy, the use
of more advanced vehicles, more innovative machines and, in short,
more efficient technology, can lead to a reduction in the energy con-
sumption per person without a reduction in wealth (CEC (California
Energy Comision), 2005). This type of growth, which is more efficient in28 They can be downloaded at https://datos.bancomundial.org/indicador/EN.
ATM.CO2E.PC?end¼2014&amp;start¼1960&amp;view¼chart.
31 The problem with China is not so much the level but the trend. But if we
analyse the current volume of emissions, the USA has a much more polluting
development than China.
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the use of resources, is the only one capable of enabling a continued
growth of GDP per capita in the long term. However, a growth model
such as the current model in China31 is completely unsustainable as its
growth requires an excessive and increasing use of the limited resources
available on the planet.
5. The end of the long-term correlation between economic and
demographic growth
The problem we are faced with in the long term is the challenge that
technology will have, given that technical progress should enable eco-
nomic growth that does not use higher quantities of physical resources.
However, everything seems to indicate that population growth will slow
down either because it will gradually decelerate until a point when it
starts to decrease or because it will drop drastically due to an unfortunate
event such as a war or catastrophe. Due to this uncertainty, we are going
to put forward three possible scenarios of what we can expect over the
coming decades:
Graph 9. CO2 emissions per inhabitant in Spain.
Source: Own elaboration based on the World Bank data.
Graph 10. CO2 emissions per inhabitant in the USA
Source: Own elaboration based on the World Bank data.
B. Montano, M. García-Lopez Environmental and Sustainability Indicators 6 (2020) 100032-Scenario 1: The population will continue to grow for a limited length
of time which could last until the end of the century. Technology will be
able to partly bear the population growth rate so that the consequences
for the planet will be bearable in the long term.
-Scenario 2: The population will continue to grow for an unlimited
length of time, but, technological progress will not be able to maintain
the level of wealth per person without generating an enormous impair-
ment to the physical resources of the planet leading to serious conse-
quences for the planet and all of its inhabitants.32
-Scenario 3: An event will drastically diminish the resources available
on the planet before demographic growth changes its trend.32 To some extent, the difference between the first two scenarios is theoretical,
given that if there was a debate between experts there would be those who
would defend that the economic development that has taken place up to now
has generated irreversible environmental effects and those who would defend
the opposite argument.
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Making a long-term forecast in which the population continues to
grow is somewhat simplistic, since is based solely on prolonging the se-
ries of the evolution of the population which to date has been exponential
since the beginning of the industrial revolution. However, if we break
down the world population into countries, we will see that a de-
mographic transition has occurred in many of them. In particular,
countries in a phase preceding the demographic transition show higher
population growth rates when their GDP per capita increases, but this
relationship between the growth of wealth and that of the population
disappears when the country has gone through its demographic
transition.
On a global level, if we take all of the available data,33 we can observe33 The data series begins in year zero, however, for each country there is a
different amount of data. Fundamentally, the larger differences with respect to
the sample size are in the very old data, as some countries have a greater
availability of data than others.
Table 3
Prediction model of the population between years 1–201635.
Dependent variable TVPworld TVPOPUSA TVPOPChina TVPOPGermany TVPOPUnitedKingdom TVPOPAustralia
Constant 0.57** 0.06 0.11 0.21*** 0.32*** 0.4***
TVGDPi 0.30*** -0.001 0.03*** 0.05*** 0.02 0.01
TVPOP-1 0.21*** 0.96*** 0.83*** 0.38*** 0.39*** 0.82***
R2 0.63 0.93 0.69 0.36 0.15 0.68
P-Value (F) 0.00 0.00 0.00 0.00 0.00 0.00
Dependent variable TVPVietnam TVPSpain TVPFrance TVPMexico TVPSouthAfrica TVPargentina
Constant 0.3*** -1.83* -0.01 -0.00 0.03 0.00
TVGDPworld -0.01 1.66*** 1.12*** 0.55*** 1.79*** 0.78***
TVPOP-1 0.87*** 0.00 0.14** 0.61*** 0.02 0.39***
R2 0.88 0.84 0.37 0.69 0.84 0.56
P-Value (F) 0.00 0.00 0.00 0.00 0.00 0.00
Source: own elaboration. The data have been obtained from the database of Angus Maddison
Table 4
Prediction model of the population with the data of the last 50 years, between the years 1967 and 201636 (both included).
Dependent variable TVPworld TVPOPUSA TVPOPChina TVPOPGermany TVPOPUnitedKingdom TVPOPAustralia
Constant 0.69** 0.52*** 0.58*** 0.00 0.01 0.25*
TVGDPi 0.00 0.00 -0.04*** 0.01 0.01 0.02
TVPOP-1 0.53*** 0.49*** 0.70*** 0.90*** 0.94*** 0.79***
R2 0.42 0.42 0.64 0.74 0.85 0.62
P-Value (F) 0.00 0.00 0.00 0.00 0.00 0.00
Dependent variable TVPVietnam TVPSpain TVPFrance TVPMexico TVPSouthAfrica TVPargentina
Constant 1.93*** 0.19* 0.00*** 0.00*** 0.00*** 0.00***
TVGDPia -0.00*** -4.63 0.03*** 0.02 0.02 0.00
TVPOP-1 0.25*** 0.87*** 0.50*** 0.73*** 0.73*** 0.66***
R2 0.80 0.77 0.43 0.62 0.62 0.61
P-Value (F) 0.00 0.00 0.00 0.00 0.00 0.00
a The “i” refers to the country in question, given that each model is constructed with data from each country.
Source: own elaboration. The data have been obtained from the database of Angus Maddison
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population, but when we take just the last 50 years, the wealth per capita
does not significantly explain the evolution of the population. When the
same model is applied to the last fifty years, the world GDP per capita has
already become separated from the evolution of the population. There-
fore, if we estimate the model country by country we will find significant
differences depending on whether it is a developed country or not. The
model that we are going to calculate follows the following theoretical
equation:34 There are two fundamental reasons for deciding to estimate the model for
the last fifty years: First, if we take all the data for industrialised countries, the
model will also use those periods in which the country was experiencing its
demographic transition which is precisely a period of high growth of GDP per
capita accompanied by high population growth.- Second, if we extend the model
to more than the last fifty years, we will be considering the period of the re-
covery from the Second World War which, in many countries, implied a high
growth rate of GDP per capita together with a high population growth.
35 In our sample we have data from year 1–2016. However, each country has
an amount of years with data. In order to elaborate the models we have taken
from each country only those years for which there is data of both the GDP per
capita and the population. The same years have not been taken for all countries
given that they have been selected based on the available data in each country.
36 We have taken 50 years in order to have a rounded and aesthetic figure and
also to temporarily remove ourselves from a period too close to the Second
World War. However, something to take into account in the period considered is
that it includes the recession of 2008. During this crisis, countries such as Spain
experienced a demographic decrease in the number of births together with a
decrease in income. Therefore, the links between GDP per capita and the vari-
ation rate of the population appear even stronger in the models than they are in
reality due to the influence of this short-term cycle. The above-mentioned point
is gives even more credibility to the result that there is no significant relation-
ship between wealth and the evolution of the population given that the joint
reaction of the demography and economy during the crisis of 2008 could make
the coefficient β1 of the different models seem significant.
10TVpoblacion¼ β0 þ β1*TVGDPpcþ β2*TVPOPt1 þ u
The hypothesis that we propose a priori is that the coefficient of β1
will not be significant in developed countries and will be in developing
countries when the model is applied for the last fifty years.34 This
equation has been estimated using ordinary least squares using the
available information from “The Maddison Project Database”, which
provides information on comparative economic growth and income
levels over time. The result can be consulted in Tables 3 and 4.
A priori, our hypothesis was that, if we took countries such as China
or Vietnam we would observe that as the GDP per capita grew so would
the population, but the growth in income per capita would no longer be a
significant variable in developed countries. In the estimate obtained for
the entire period in most countries there is a close relationship between
GDP and population growth, however, there are exceptions where it
would be appropriate to conduct a deeper analysis. The results obtained
show that countries such as Spain, France or South Africa see a significant
part of their population explained over time as a result of economic
conditions, which shows their high coefficient of the GDP per capita
variable. In addition, in other countries this relationship is also signifi-
cant, but to a lesser extent, which shows the complexity of the de-
mographic evolution analysis. On the other hand, in the estimate for the
last 50 years there are few significant coefficients for the GDP variable,
thus confirming that the relationship between population and economic
conditions is altered when the demographic transition has passed.
However, this does not mean that the relationship is over but, as coun-
tries evolve and become more complex, the interrelationships within
their socio-economic systems become more difficult to identify, analysis
that would require very specific information from each country. Finally,
China and Vietnam show negative coefficients, a result without doubt
striking that could indicate that the relationship between GDP and
population growth is not constant throughout the demographic evolution
of each country.
One of the few exceptions that we can find is France. This is since in
Graph 11. The evolution of the birth rate.
Source: Eurostat.
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country with a rate above 2% as Graph 11 shows, so France has the
highest evolution of the birth rate among several European countries.
This is precisely one of the causes why the rate of change of the popu-
lation in France is correlated (which does not mean that it is a cause) by
the rate of variation of GDP per capita. If we look for the causes we should
point out that France was one of the first countries to approve policies to
help families and, at the same time, policies have not been implemented
to penalise single parents. In the case of France, almost 4% of GDP is
dedicated to supporting families; childcare facilities (used by almost
40%) are free in 92% of cases. Furthermore, 18% of the budget for
families is dedicated to childcare: the subsidies per child exceed 900
euros and parents are entitled to 16 weeks leave, which increases to 26 if
it is a third child (that is, the subsidies increase when the number of
children is higher).
We can see that the interaction between the growth in wealth and that
of the population seems to disappear when the country has reached a
high level of development.37 In this way, there are countries whose
population will increase as their GDP per capita increases and there are
others which have decoupled the evolution of their population from the
variation in income in long-term cycles. Although we have found that
developed countries have separated their demography from their econ-
omy in the long term, they are susceptible to drastic and sudden changes
in the economic cycle. In Graph 11 we can see how, during the growth
cycle between 1979 and 1999, in Spain38 the number of births had been
decreasing. Then between the year 2000 and the beginning of the crisis in37 This is one of the fundamental pillars on which the assumption that the long-
term growth of the population will end is based, given that as countries become
more developed their demographic growth diminishes. On the other hand, a
continued demographic growth in a country that has not developed economi-
cally would be unsustainable due to the lack of resources, giving rise, in this
case, to the situation described by the Malthusian trap.
38 If we take another developed country instead of Spain, we will obtain very
similar results in the evolution of its birth rate during the period of the 2008
crisis.
112008 there was an increase in the number of births. Therefore, if we take
the period between 1979 and 2008, the evolution of the number of births
does not seem to be related to the change in GDP per capita, but the
aggressive short-term variations such as the crisis of 2008 do seem to
produce an evident change in the evolution of the number of births as
shown in Graph 12.
In conclusion, we can see that once countries have reached certain
level of economic development, they do not seem to respond to the
evolution of their wealth with their demographic evolution49. This is an
interesting nuance which, in the long term, distances us from the sce-
narios of an unlimited growth of the world population. However, in many
areas of the world where economic development is still low, a relation-
ship between the evolution of the economy and demographic growth can
be observed. The definitive question for a prosperous future on the planet
is that as well as achieving a stabilisation of population growth in the
long term we should also stabilise the consumption of resources,
particularly when this consumption is not renewable or has harmful ef-
fects for the planet.
6. Conclusions
As we have analysed, population growth is the key element when
understanding the future pressures on basic resources for production and
on the deterioration of the environment. On the other hand, technology
and productivity constitute a key piece as they are the only possible
means to increase production given the same level of resources used. We
began our analysis by remembering Malthusian theory as, although
during the last few centuries technology has been able to generate an
increase in GDP per capita despite the huge increase in world population,
a collapse in one of the fundamental resources could give rise to a future
not far removed from the theory described by Malthus.49 Except in aggressive short-term changes, such as the crisis of 2008. In other
words, the demographic evolution does not respond to the long-term growth in
wealth but it can respond to short cycles due to small crises or occasional phases
of expansion.
Graph 12. The evolution of the number of births.
Source: Statistics National Institute (Spain).
B. Montano, M. García-Lopez Environmental and Sustainability Indicators 6 (2020) 100032Many of the problems of pollution, the deterioration of the environ-
ment and the scarcity of products have been analysed from different
disciplines, but all these problems in reality represent a series of symp-
toms of the real problem; population growth. We have seen that,
although the growth rate has been exponential, there is evidence to
suggest that it is slowing down. Countries with a higher index of human
development have a lower birth rate and on the other hand, the world’s
average fertility rate has fallen from 4.95 in 1950–1955 to 2.36 in
2010–2015. At the same time, an increase in the level of production has
also been observed which has been partly based on technological prog-
ress, the increase in labour, the higher capital investment and the
increased use of resources. Based on this greater use of factors of pro-
duction, future scenarios can be predicted of tension between the de-
mand and supply of certain resources. Therefore, in future articles we
will seek to address the specific case of three markets of factors of pro-
duction and consumption that are fundamental for humans: water, en-
ergy and food.
We also have confirmed that one of the Malthusian theories is no
longer operative in all countries. A growth in wealth per capita no longer
necessarily implies a growth in the population. We have constructed a
model that explains population growth depending on its trend and the
rate of change of GDP and we can observe that there are two types of
country. First, there are the developed or post demographic transition
countries. In these countries a long-term variation in wealth does not
affect the level of the population, although a short-termGDP shock would
affect it. The confirmation of this duality of countries is a fundamental
issue related with all the problems mentioned. It should not be forgotten
that sustainability is a very complex issue linked to society as a whole,
which converts elements as pollution, state of the environment, avail-
ability of resources, productivity, technical and technological progress,
efficiency and demographic evolution in key aspects. For this reason, this12is an essential investigation, since it will address all these aspects by
analysing its role on sustainability, making this article the basis that will
allow the research to continue and make predictions as accurately as
possible. However, this article is just the start of a bigger research, so it
leaves aside fundamental issues related with food, water and energy that
will be investigated in future articles. In addition, a greater number of
countries and variables related to the demography and economy of a
country should be considered with the aim of conducting a more in-depth
analysis of the relationships between the various factors of interest and
the growth of the population.Declaration of competing interest
There is no conflict of interests.
References
Abadía Sanchez, R., 2011. “Consumo y eficiencia energetica en las comunidades de
regantes”. Congreso agricultura, agua y energía. Madrid, 11th and 12th May 2011.
Aldaya, M.M., Llamas, R. (Eds.), 2012. El agua en Espa~na: bases para un pacto de futuro.
Fundacion Botín.
Allan, T., Keulertz, B., Woertz, E., 2015. El nexo alimentos-energía del agua: una
introduccion a los conceptos Nexus y algunos problemas conceptuales y operativos.
Int. J. Water Resour. Dev. 31 (3).
Alvarez-Diaz, M., Ghisetti, C., Pontarollo, N., Dijkstra, L., 2018. The Determinants of
Population Growth. European Commission.
Brueckner, M., Schwandt, H., 2015. Income and population growth. Econ. J. 125 (589),
1653–1676.
Caballer, V., Guadalajada, N., 1998. Valoracion economica del agua de riego. Mundi-
Prensa, Madrid.
Cabrera, E., et al., 2009. Agua y Energía en Espa~na. Un reto complejo y fascinante.
Jornada de Ingeniería del Agua. JIA 2009.
Candolle, Augustin Pyrame, 1813. Theorie elementaire de la botanique, ou Exposition du
principe de la classification naturelle et de l’art de decrire et d’etudier les vegetaux.
Deterville, Paris.
B. Montano, M. García-Lopez Environmental and Sustainability Indicators 6 (2020) 100032CEC (California Energy Comision), 2005. California’s Water- Energy Relationship. Final
Staff Report. CEC 700 – 2005 – 011 SF California Energy Commission State of
California. November 2005.
Coccia, M., 2014. Driving forces of technological change: the relation between population
growth and technological innovation: analysis of the optimal interaction across
countries. Technol. Forecast. Soc. Change 82, 52–65.
Comunidad de Madrid, 2012. Guía sobre Hidroeficiencia Energetica.
Ederra, I., Murugarren, N., 2010. “La nueva tarifa electrica, la nueva escala de los precios
del agua de riego”, Servicio de Asesoramiento al Regante, 02 de marzo de 2010.
Ehrlich, Paul R., 1968. The Population Bomb. Sierra Club, Ballentine Books.
Gutierrez-Posada, D., Rubiera-Morollon, F., Vi~nuela, A., 2017. Heterogeneity in the
determinants of population growth at the local level: analysis of the Spanish case with
a GWR approach. Int. Reg. Sci. Rev. 40 (3), 211–240.
Hardy, L., Garrido, A., Juana, L., 2012. “Evaluation of Spain’s water–energy nexus. Int. J.
Water Resour. Dev. 28 (1), 151–170.
Hoffman, A., 2004. The Connection: Water and Energy Security. Institute for the analysis
of global security. www.iags.org.
IDAE, 2011. Plan de accion de ahorro y eficiencia energetica, 2011-2020, en Espa~na.
IDAE Instituto para la Diversificacion y Ahorro de la Energía, 2010. Plan de accion de
ahorro y eficiencia energetica 2011-2020. Ministerio de Industria, Turismo y
Comercio.
Keynes, J.M., 1920. The Economic Consequences of the Peace. Harcourt, Brace and Howe,
New York.
Malthus, R., 1798. 1st Anonymous Edition, an Essay on the Principle of Population, as it
Affects the Future Improvement of Society with Remarks on the Speculations of Mr.
Godwin, M. Condorcet, and Other Writers.
Malthus, R., 1800. Anonymous Edition, an Investigation of the Cause of the Present High
Price of Provisions and General Wealth of the Country.13Malthus, R., 1803. 2nd More Extensive Edition (250,000 Words) Signed by Malthus: an
Essay on the Principle of Population; or, a View of its Past and Present Effects on
Human Happiness; with an Enquiry into Our Prospects Respecting the Future
Removal or Mitigation of the Evils Which it Occasions.
Malthus, R., 1815. A. An Inquiry into the Nature and Progress of Rent and the Principles
by Which it Is Regulated.
Malthus, R., 1815. B. The Grounds of an Opinion on the Policy of Restricting the
Importation of Foreign Corn, Intended as an Appendix to Observations on the Corn
Laws.
Malthus, R., 1820. Principles of Political Economy Considered with a View to Their
Practical Application.
Malthus, R., 1823. The Measure of Value Stated and Illustrated with an Application of it
to the Alterations in the Value of the English Currency since 1790.
Malthus, R., 1823. Population, Article for the Encyclopaedia Britanica. Definitions in
Political Economy; Preceded by an Inquiry into the Rules Which Ought to Guide
Political Economists in the Definition and Use of Their Terms, with Remarks on the
Deviation from These Rules in Their Writings.
Malthus, R., 1830. A Summary View of the Principle of Population, Long Extract on the
Article of 1823 (Population).
Malthus, R., 1846. Ensayo sobre el principio de la poblacion. Translated by Jose María
Noguera and Joaquín Miquel under the direction of Eusebio Maria del Valle
(Madrid).
Martineau, H., 1832. Illustrations of Political Economy, Life in the Wilds, third ed.
William Clowes, London.
Meadows, 1972. Los límites del crecimiento: informe al Club de Roma sobre el
predicamento de la humanidad.
Meadows, 2004. Los límites del crecimiento. 30 a~nos despues. Galaxia Gutenberg.
UNdata, 2012. Total Fertility Rate (Children Per Woman). Retrieved 2012-09-17.
Archived June 7, 2012, at the Wayback Machine.
